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E-mail address: jean-claude.henquin@uclouvain.beLatrunculin depolymerizes and jasplakinolide polymerizes b-cell actin microﬁlaments. Both
increase insulin secretion when Ca2+ enters b-cells during depolarization by glucose, sulfonylureas
or potassium. Mouse islets were held hyperpolarized with diazoxide, and stimulated with acetylcho-
line to test the role of microﬁlaments in insulin secretion triggered by intracellular Ca2+ mobiliza-
tion and store-operated Ca2+ entry (SOCE).
Jasplakinolide slightly attenuated Ca2+ mobilization and did not affect SOCE, but consistently
inhibited the attending insulin secretion. Latrunculin did not affect Ca2+ changes induced by acetyl-
choline, but consistently increased insulin secretion, its effect being larger in response to Ca2+ entry
than to Ca2+ mobilization. Microﬁlaments have thus a distinct impact on exocytosis of insulin gran-
ules depending on the source of triggering Ca2+.
 2011 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Pancreatic b-cells synthesize insulin and store it in large dense-
core vesicles (the insulin granules) that are released at precisely
controlled rates to ensure optimal glucose homeostasis. Glucose-
induced insulin secretion is triggered by an increase in b-cell cyto-
solic free calcium concentration ([Ca2+]c) and ampliﬁed by incom-
pletely elucidated mechanisms that augment the number of
granules undergoing exocytosis in response to Ca2+ [review in 1].
This rise in [Ca2+]c culminates a sequence of events involving glu-
cose metabolism, closure of ATP-sensitive potassium (KATP)
channels, depolarization, opening of voltage-gated calcium chan-
nels (VGCC) and Ca2+ inﬂux [review in 2]. Non-metabolized agents
that cause depolarization by directly closing KATP channels (sulfo-
nylureas) or other mechanisms (high extracellular KCl) also in-
crease [Ca2+]c and trigger insulin secretion [3].
The rise of [Ca2+]c in b-cells induces exocytosis of release-com-
petent insulin granules. This pool of readily releasable granules is
small (50–100 ie <1% of the 10000 granules per b-cell) [4–6].chemical Societies. Published by E
c free calcium concentration;
-operated Ca2+ entry; KATP
ologie et Métabolisme, UCL
m.
(J.-C. Henquin).There is evidence that these granules are docked to the plasma
membrane, associated with or at least in close proximity of VGCC
[7–9] although recent studies using total internal reﬂection
ﬂuorescence microscopy indicate that slightly more distant
(non-docked) granules are also releasable and even preferentially
exocytosed when Ca2+ inﬂux through VGCC is induced by glucose
[10–12]. To sustain insulin secretion, the readily releasable pool
must then be constantly reﬁlled by mobilization of granules from
other pools [4–6].
As in other endocrine cells [13], b-cell actin microﬁlaments
form a web under the plasma membrane, which is thought to im-
pede access of secretory vesicles to release sites. Thus, pharmaco-
logical destruction of this web increases the number of insulin
granules close to the membrane [14,15] and augments rapid and
sustained insulin secretion induced by glucose or sulfonylureas
in islets [14–17], and by electrical depolarization in single cells
[18]. Recently, we further established that not only depolymeriza-
tion but also polymerization of actin microﬁlaments augments glu-
cose and tolbutamide-induced insulin secretion, and that both do
so without increasing the triggering [Ca2+]c signal [19]. Collec-
tively, these studies show that interference with actin microﬁla-
ments increases the number of granules that are releasable by
Ca2+ inﬂux via VGCC.
A rise in [Ca2+]c can also occur independently of VGCC, by
mobilization of Ca2+ from intracellular stores and subsequentlsevier B.V. All rights reserved.
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are produced by acetylcholine (ACh) [22,23] that acts on M3 mus-
carinic receptors to activate phospholipase C and produce inositol
1,4,5-trisphosphate and diacylglycerol [24]. Insulin secretion is
also stimulated [25], but it is not known from which pools exocy-
tosed granules originate. Here, we investigated whether interfer-
ence with actin microﬁlaments inﬂuences ACh-induced Ca2+
mobilization and SOCE, as it variably does in some other systems
[26–32], and impacts on insulin secretion induced simulta-
neously. The study was performed with mouse islets held hyper-
polarized, by opening KATP channels with diazoxide [33], to avoid
[Ca2+]c changes mediated by Ca2+ entry through VGCC. Islets were
treated with latrunculin B or jasplakinolide which we found to
cause almost complete depolymerization and polymerization of
actin, respectively [19].2. Materials and methods
The study was approved by, and the experiments were con-
ducted in accordance with the guidelines of, the Animal Research
Committee of our institution.
2.1. Preparation, solutions and reagents
Islets isolated by collagenase digestion of the pancreas of fe-
male C57BL6 mice were selected by hand and cultured for
44 h in RPMI 1640 medium kept at 37 C in a 95% air–5% CO2
atmosphere [19]. The control medium was a bicarbonate-buffered
solution containing 120 mM NaCl, 4.8 mM KCl, 2.5 mM CaCl2,
1.2 mM MgCl2, 24 mM NaHCO3, 10 mM glucose, and 1 mg/ml bo-
vine serum albumin. It was gassed with O2/CO2 (94/6) to main-
tain a pH of 7.4. In Ca-free solutions (Ca 0), CaCl2 was omitted,
MgCl2 was increased to 3.7 mM and 100 lM EGTA was added.
When the concentration of KCl was increased to 30 mM, that of
NaCl was decreased accordingly. Diazoxide was added from fresh
stock solutions in 0.1 N NaOH. Latrunculin B and jasplakinolide
(Calbiochem, San Diego, CA) were added from stock solutions in
dimethylsulfoxide, and acetylcholine from a stock solution in
water.
2.2. Measurements of insulin secretion
Cultured islets were ﬁrst preincubated for 90 min at 37 C in
2 ml control medium containing 10 mM glucose. Batches of 25 pre-
incubated islets were then perifused at 37 C [34]. Forty minutes
after the start of the perifusions, the islets were stimulated as indi-
cated at the top of the ﬁgures. When tested, latrunculin (1 lM) was
added from min 40 and remained present throughout. Because
jasplakinolide is expensive and produces irreversible effects [19],
the drug (1 lM) was only present during the preincubation period.
Efﬂuent fractions were collected at 2-min intervals and saved for
insulin assay, using rat insulin as a standard [34]. At the end of
the experiments, the islets were recovered, and their insulin con-
tent was determined after extraction in acid–ethanol [35]. Frac-
tional insulin secretion rates were then calculated as the
percentage of islet insulin content that was secreted per minute
[34].
2.3. Measurements of islet [Ca2+]c
Cultured islets were loaded with the Ca2+ indicator fura-PE3/AM
(2 lM) for 2 h at 37 C, in 2 ml control medium containing 10 mM
glucose. Stimulus-induced [Ca2+]c changes were then measured in
individual islets as described [19] and averaged for presentation as
mean traces. Jasplakinolide was present during the preincubationonly whereas latrunculin was added during the last 30 min of pre-
incubation and throughout the experiments.
2.4. Measurements of polymerized and depolymerized actin
The procedure was similar to that previously described in detail
[19].
2.5. Measurements of [3H] inositol efﬂux
The technique evaluates phopholipase C activation bymeasuring
inositol efﬂux from islets in which phosphoinositides pools have
been labelled [25,36–38]. Details of the method have been reported
elsewhere [25]. In brief, batches of 100 cultured isletswere preincu-
bated for 3 h at 37 C, in 0.1 ml control medium supplementedwith
20 lCimyo [2-3H]inositol (sp. act., 20 Ci/mmol; Perkin–Elmer) to la-
bel phosphoinositides pools. When appropriate, the medium also
contained jasplakinolide during the last 2 h. After loading, the islets
were placed in the same perifusion chambers as those used for insu-
lin secretionstudies. Efﬂuent fractionswerecollectedat2-min inter-
vals and their content in 3Hwasmeasured. Fromthesevaluesand the
number of counts remaining in the islets at the end, the fractional ef-
ﬂux of [3H] inositol was calculated [25].
2.6. Presentation of results
All experiments have been performed in a paired fashion (con-
trols, latrunculin and jasplakinolide) with islets from 3 to 8 prepa-
rations. Results are presented as means ± SD or SE as indicated in
legends. No correction was applied in the ﬁgures for the 1 min
dead space of the perifusion systems. The statistical signiﬁcance
of differences between means was assessed by ANOVA, followed
by a Dunnett’s test for comparisons of test groups with controls.
A difference was considered signiﬁcant for P < 0.05 at least.3. Results
3.1. Effects of ACh on islet actin
The proportion of polymerized/depolymerized actin was
22%:78% in islets incubated in 10 mM glucose (n = 5). It was not af-
fected by diazoxide alone (21%:79%) or in combination with ACh
(25%:75%). Under these conditions more than 90% of actin is depo-
lymerized by latrunculin and polymerized by jasplakinolide [19].
3.2. Stimulation by depolarization with KCl
All experiments of this study were done in the presence of
10 mM glucose and 250 lM diazoxide. Opening of KATP channels
with the drug prevents glucose from depolarizing b-cells, promot-
ing Ca2+ inﬂux, raising [Ca2+]c and inducing insulin secretion
(Fig. 1). Depolarization with a high extracellular KCl concentration
is the classic way to stimulate Ca2+ inﬂux via VGCC under these con-
ditions. The marked and reversible rise in [Ca2+]c produced by
30 mMKClwas unaffected by latrunculin and jasplakinolide, except
for a minor (10%, P < 0.05) inhibition by jasplakinolide during the
ﬁrst 5 min (Fig. 1A). However, the accompanying stimulation of
insulin secretion was increased by both agents (Fig. 1B). The effect
of latrunculin (>3-fold, P < 0.01 during both phases) was larger than
that of jasplakinolide which was signiﬁcant during second phase
only (1.5-fold, P < 0.05). Importantly, the effects of the two drugs
on actinwere not altered by 30 mMKCl: 90% depolymerization after
latrunculin and 91% polymerization after jasplakinolide (n = 2).
These results indicate that both disruption of b-cell microﬁlaments
by latrunculin and their stabilization by jasplakinolide increase the
Fig. 1. KCl-induced [Ca2+]c (A) and insulin secretion (B) changes in mouse islets.
Experiments were performed in a medium containing 10 mM glucose and 250 lM
diazoxide throughout (G10 + Dz), and the KCl concentration was raised from 4.8 to
30 mM between 0 and 20 min. (C), control experiments without further addition
(thick line and ﬁlled circles). Latrunculin (L, 1 lM) was present during the whole
perifusions. Jasplakinolide (J, 1 lM) was present during the preincubation period
but was not added to perifusion solutions (see Section 2 for details). Values are
means ± SD for 26–27 islets from 3 preparations for [Ca2+]c and means ± SE for 7
experiments of insulin secretion.
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Ca2+ entry via VGCC. Similar conclusions were previously drawn
for glucose or tolbutamide stimulation, with, in both cases, a
signiﬁcant increase in insulin secretion by latrunculin and
jasplakinolide during ﬁrst as well as second phase [19].3.3. Stimulation by ACh in the presence of extracellular calcium
In control islets, ACh caused biphasic changes in [Ca2+]c similar
to those previously reported in clusters or single b-cells [22,23]. A
rapid and sharp peak, lasting about 1 min, was followed by a mod-
erate but sustained elevation until the neurotransmitter was with-
drawn (Fig. 2A). ACh also caused a biphasic increase in insulin
secretion, which, however, differed from the [Ca2+]c rise by a much
longer (5 min) ﬁrst peak (Fig. 2E).
Latrunculin did not affect ACh-induced [Ca2+]c changes at any
time (Fig. 2A–D), but augmented insulin secretion 1.7-fold during
ﬁrst phase and 2.5-fold during second phase (Fig. 2E–H). Islet
pretreatment with jasplakinolide slightly attenuated (15%) the
rise in [Ca2+]c during ﬁrst phase response to ACh but did not affect
the sustained elevation (Fig. 2A–D). Overall insulin secretion was
inhibited: as compared with controls, the 18% difference at peak
did not reach signiﬁcance, but integrated ﬁrst phase was decreased
by 35% and second phase by 70% (Fig. 2E–H).3.4. Stimulation by ACh in the absence of extracellular calcium
Both mobilization of intracellular Ca2+ and Ca2+ entry contribute
to the above changes in [Ca2+]c. To distinguish between the two
sources, the stimulation with ACh was applied in a Ca2+-free med-
ium (to induce mobilization only) before readmission of extracellu-
lar CaCl2 in the presence of ACh (to induce SOCE). Although b-cell
depolarization by ACh is too small to activate VGCC in the presence
of diazoxide [33], the medium was also supplemented with
compound D600 to prevent any voltage-dependent Ca2+ inﬂux
[22,23] (Fig. 3).
Withdrawal of extracellular Ca2+ (with addition of EGTA) de-
creased basal [Ca2+]c in control islets. ACh produced a rapid peak
of [Ca2+]c, which was not followed by any sustained elevation
(Fig. 3A). This mobilization of Ca2+ from intracellular stores trig-
gered a single peak of insulin secretion which again outlasted the
[Ca2+]c peak (Fig. 3F). Readmission of extracellular CaCl2 after emp-
tying of Ca2+ stores caused a rapid and sustained elevation of
[Ca2+]c that was decreased by omission of ACh (Fig. 3A). The mag-
nitude of this decrease compares well with that seen in Fig. 2A, in
the presence of extracellular CaCl2. The rise in [Ca2+]c produced by
readmission of CaCl2 was accompanied by a clear increase in insu-
lin secretion that was dependent on the continuous presence of
ACh (Fig. 3F). It is unclear why this secretory response is larger
than sustained secretion induced by ACh in the presence of CaCl2
throughout (Fig. 2E).
Latrunculin modestly (10%) attenuated peak and total rise in
[Ca2+]c produced by ACh in the Ca2+-free medium (Fig. 3A–C) with-
out affecting the increase following CaCl2 reintroduction (Fig. 3A
and Fig. 3D–E). Insulin secretion was augmented by latrunculin.
The effect was modest during Ca2+ mobilization: the 25% differ-
ence at the peak did not reach signiﬁcance but total secretion over
5 min was 40% greater than in controls (Fig. 3F–H). The impact of
latrunculin on insulin secretion triggered by entering Ca2+ was
much more spectacular (2.5-fold) (Fig. 3F and I–J).
In jasplakinolide treated islets, the [Ca2+]c peak induced by ACh
was inhibited. The initial rise in [Ca2+]c following CaCl2 readmis-
sion was also slightly depressed but the subsequent sustained ele-
vation was unaffected (Fig. 3A–E). As compared with controls,
insulin secretion was inhibited by 55% during Ca2+ mobilization
and 40% after CaCl2 reintroduction (Fig. 3F and I–J).
We eventually assessed the impact of similar manipulations of
extracellular CaCl2 in the absence of stimulation by ACh. In control
islets, reintroduction of CaCl2 after 30 min of perifusion in its ab-
sence was followed by an increase in islet [Ca2+]c that was rapid
in onset but smaller than in islets treated with ACh (Fig. 4A). This
difference was most pronounced initially but persisted throughout,
in keeping with the effect of ACh shown in Fig. 2A. It can thus be
attributed to SOCE. In the absence of ACh stimulation, CaCl2 rein-
troduction caused a marginal increase in insulin secretion in con-
trol islets, which was augmented 3-fold by latrunculin and
abolished by jasplakinolide (Fig. 4B) although neither drug affected
the rise in [Ca2+]c (Fig. 4A). We emphasize, however, that these
secretory responses are minimal, 10-fold smaller than those ob-
served in ACh-stimulated islets (note the 10-fold difference in
the scales of Fig. 3F and 4B).
3.5. Effects of ACh on [3H]inositol efﬂux
Stimulation of muscarinic receptors can be estimated indirectly
by monitoring [3H]inositol efﬂux from islets preloaded with the
tracer to label phosphoinositide pools [25,36–38]. In control islets,
ACh reversibly accelerated the efﬂux and the effect was suppressed
by atropine (Fig. 5). The stimulation by ACh was unaffected by
latrunculin but attenuated (P < 0.05) by pretreatment with
jasplakinolide.
Fig. 2. Changes in [Ca2+]c (A–D) and insulin secretion (E–H) produced by acetylcholine (ACh) in the presence of extracellular calcium. Mouse islets were perifused with a
medium containing 10 mM glucose and 250 lM diazoxide throughout (G10 + Dz). ACh (100 lM) was added between 0 and 20 min. (C), control experiments without further
addition. Latrunculin (L, 1 lM) was present throughout whereas Jasplakinolide (J, 1 lM) was present during the preincubation period only. Panel A displays mean changes in
[Ca2+]c (36–37 islets from 4 preparations) and the inset shows the peak of [Ca2+]c with another time scale. The upper panels with columns show mean [Ca2+]c ± SD at the peak
(B), over the period 1–2 min (C) and over the period 11–20 min (D). Panel E displays mean insulin secretion rates ± SE (7 experiments). The lower panels with columns show
mean insulin secretion rates ± SE at the peak (F), over the period 2–6 min (G) and over the period 11–20 min (H). ⁄ P < 0.05 or less versus C.
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Using mouse islets stimulated by ACh, we show that actin depo-
lymerization by latrunculin and polymerization by jasplakinolide
exert opposite effects on insulin secretion triggered by mobiliza-
tion of intracellular Ca2+ or subsequent SOCE. This contrasts with
the increase by both agents of insulin secretion evoked by depolar-
ization-mediated Ca2+ entry through VGCC (KCl, glucose, tolbuta-
mide) [19].
The initial peak of [Ca2+]c evoked by ACh results from inositol
1,4,5-trisphosphate-mediated Ca2+ mobilization from the endo-
plasmic reticulum [24]. It was barely attenuated by latrunculin in
the absence of Ca2+, and slightly more decreased by jasplakinolide
both in presence and absence of Ca2+, possibly because the latter
drug affected receptor signaling. In other cell types, receptor-
mediated (ACh, ATP or vasopressin) Ca2+ mobilization was foundto be unaffected [26,28,30] or decreased [27,31] by latrunculin,
and unaffected [28] or increased by jasplakinolide [31]. Upon
depletion of Ca2+ from endoplasmic reticulum stores, STIM1
(stromal interaction molecule 1) of the endoplasmic reticulum
interacts with and activates Orai channels in the plasma mem-
brane, leading to SOCE [reviews in 20,21]. A similar mechanism
is likely to operate in b-cells because Ca2+ store depletion was
found to cause STIM1 translocation to the plasma membrane,
and the resulting SOCE was prevented when translocation of STIM1
was inhibited [39]. Interestingly, STIM1 was located in actin-poor
submembrane areas. This may explain why we found no impact
of microﬁlament disruption or stabilization on SOCE induced by
ACh in mouse islets. This is neither the rule nor an exception. Thus,
SOCE was unaffected by polymerization and depolymerization of
actin ﬁlaments in several tissues [27–29,32] and decreased in some
others [26,28,30].
Fig. 3. Changes in [Ca2+]c (A–E) and insulin secretion (F-J) produced by acetylcholine (ACh) in absence of extracellular calcium, and by store-operated Ca2+ entry. Mouse islets
were perifused with a medium containing 10 mM glucose, 250 lM diazoxide and 100 lMD600 throughout (G10 + Dz + D600). Extracellular Ca2+ was omitted (Ca 0) between
10 and 20 min, and 100 lM ACh was added between 20 and 40 min. To induce store-operated Ca2+ entry, extracellular Ca2+ was then readmitted at 20 min, in the presence
of ACh. C, control experiments without further addition. Latrunculin (L, 1 lM) was present throughout whereas jasplakinolide (J, 1 lM) was present during the preincubation
period only. Mean changes in [Ca2+]c ± SD (35–36 islets from 4 preparations) and in insulin secretion rates ± SE (8 experiments) are shown as in Fig. 2. ⁄ P < 0.05 or less versus
C. § P < 0.02 versus C by t-test, but >0.05 by Anova.
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attention. In two cell lines, ACh increased insulin granules move-
ments by mechanisms that depended on mobilization of intracel-
lular Ca2+ [40,41], but the links of such movements with
exocytosis are not established. In voltage-clamped hyperpolarized
b-cells, thus under conditions equivalent to those of the present
study, ACh evoked large increases in membrane capacitance
(reﬂecting exocytosis), which were almost as rapid as those pro-
duced by depolarization-induced Ca2+ entry [42]. This observation
prompted the conclusion that secretory granules are in the imme-
diate vicinity of both VGCC and intracellular Ca2+ release sites, but
it is not known whether they constitute one or distinct pools. One
way to address the question would require repeated pulse stimu-
lation of islets, alternatively with KCl and ACh. We found the ap-
proach inconclusive because successive pulses with one agentinduced similar insulin responses (unpublished data) [43], which
indicates rapid reﬁlling of the pool(s) in keeping with electrophys-
iological studies in single b-cells [42].
From the fractional rates of insulin secretion measured in our
experiments and the estimation of a total of 10000 granules per
b-cell [4,5], we calculated that 45 and 34 granules were released
per cell over the initial 5-min period of secretion induced by ACh
in the presence and absence of extracellular Ca2+, respectively.
Over the same 5-min period, 42 granules were released in re-
sponse to KCl. This similarity between the effects of the two stim-
uli, in the face of a much more transient elevation of [Ca2+]c by
ACh, is attributed to other signals that are produced by the neu-
rotransmitter and can amplify Ca2+-induced exocytosis [24]. Any-
how, these numbers of granules are low, within the size of the
readily releasable pool estimated between 50 and 100 granules
Fig. 4. Changes in [Ca2+]c (A) and insulin secretion (B) produced by mere removal
and readmission of extracellular calcium. Mouse islets were perifused with a
medium containing 10 mM glucose, 250 lM diazoxide and 100 lM D600, through-
out (G10 + Dz + D600). Extracellular Ca2+ was omitted (Ca 0) between 0 and 30 min.
C, control experiments without further addition. Latrunculin (L, 1 lM) was present
throughout whereas jasplakinolide (J, 1 lM) was present during the preincubation
period only. Panel A displays mean changes in [Ca2+]c ± SD (29–30 islets from 3
preparations), and the trace labeled C + ACh illustrates changes occurring in control
islets challenged with ACh as in Fig. 3. The difference in [Ca2+]c after 30 min
corresponds to store-operated Ca2+ entry. Panel B displays mean insulin secretion
rates ± SE for 6 experiments. Note the 10-fold difference in scale with Fig. 3F.
Fig. 5. Acetylcholine (ACh)-induced [3H]inositol efﬂux from mouse islets loaded
with the tracer (see Section 2 for details). Experiments were performed in a
medium containing 10 mM glucose and 250 lM diazoxide throughout (G10 + Dz).
ACh was added between 0 and 20 min. C, control experiments without further
addition. Latrunculin (L, 1 lM) was present throughout whereas jasplakinolide (J,
1 lM) was present during the preincubation period only. In one series (C + Atropine,
n = 2) the medium contained 50 lM atropine throughout. Other values are
means ± SE for 4 experiments.
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KCl-induced secretion (127 vs 42 granules) than on ACh-induced
secretion in the presence of external Ca2+ (87 vs 45 granules), and
even more in the absence of external Ca2+ (47 vs 34 granules). In
contrast, when [Ca2+]c was elevated by SOCE, the augmentation
by latrunculin was more spectacular, of the same relative magni-
tude (about 3-fold) as that observed during Ca2+ entry via VGCC
in response to KCl.
Insulin secretion induced by b-cell depolarization with glu-
cose, tolbutamide or KCl is also increased by microﬁlament stabil-
ization with jasplakinolide [19] (Fig. 1). In contrast, jasplakinolide
inhibited ACh-induced insulin secretion, slightly during Ca2+
mobilization and markedly during SOCE. To investigate whether
this inhibition could be due to the much smaller increase in
[Ca2+]c produced by SOCE than by the three depolarizing agents,islets were stimulated with only 14 mM KCl. Although [Ca2+]c in-
creased slightly more than during steady-state ACh stimulation,
insulin secretion was only minimally and inconsistently stimu-
lated (unpublished data), precluding reliable testing of jasplakino-
lide effects. The larger secretory effects of ACh for a similar [Ca2+]c
rise could be due either to greater efﬁcacy of Ca2+ inﬂux via SOCE
than VGCC or, more likely, to additional effects of muscarinic
receptor stimulation such as activation of protein kinase C [24].
The experiments of inositol efﬂux suggest some impairment of
ACh signaling by jasplakinolide, compatible with a smaller mobi-
lization of Ca2+, but the effect of ACh is far from abolished. This
impairment may contribute to the lesser secretion of insulin,
but is unlikely to explain the virtual suppression of secretion in
the face of a normal SOCE.
Under physiological conditions, ampliﬁcation of insulin secre-
tion by ACh results from a combined increase in b-cell [Ca2+]c
and ampliﬁcation, via protein kinase C, of the action of Ca2+ on exo-
cytosis. The increase in [Ca2+]c involves mobilization of intracellu-
lar Ca2+ from the endoplasmic reticulum and Ca2+ inﬂux via VGCC
and SOCE [24]. While the initial [Ca2+]c peak due to mobilization
undoubtedly plays a role in the rapid secretory response, the rela-
tive importance of the two modes of Ca2+ inﬂux cannot be precisely
determined. Owing to its necessary artiﬁcial conditions, the pres-
ent study can only establish that SOCE is able to promote insulin
secretion. A cautious comparison of the magnitude of this effect
to that of the physiological action of ACh suggests that Ca2+ entry
via VGCC may play the ﬁrst role.
In conclusion, whereas actin depolymerization and polymeriza-
tion increase insulin secretion when triggering Ca2+ enters via
VGCC, they exert opposite effects when [Ca2+]c is raised otherwise.
Polymerization is then inhibitory, whereas depolymerization re-
mains stimulatory. Nonetheless, the increase in insulin secretion
brought about by latrunculin is clearly larger when Ca2+ enters
the cell from the extracellular space, be it via SOCE or VGCC, than
when it is mobilized from the endoplasmic reticulum. Our results
suggest distinct interactions between the actin cytoskeleton and
insulin granules undergoing exocytosis in response to triggering
Ca2+ from different sources.
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